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(54) Head chip 

(57) Provided is a head chip In which the minimum 
size of each communicating hole, with which ltk>ecome8 
possible to sufficiently supply Ink necessary for dis- 
charging and to enhance the degree of sealing of the 
chambertoaiinDlt, Is defined with reference to the length 
in the longitudinal direction of the chamber, where a plu- 
rality of communicating holes are provided ina partition- 
ing portion at regular intervals. 

In a head chip Including: a chamber that Is defined 
on a substrate and has an end portion in the longitudinal 
direction that communicates with a nozzle opening and 
an electrode provided on a sidewall of the chamber, a 
driving voltage is applied to the electrode so that a ca- 
paclty within the chamber Is changed to discharige Ink 
filled therein from the nozzle opening, an ink chamber 
plate defining a common Ink chamber communicating 



with the chamber is joined on the substrate, the common 
Ink chamber is provided with a partitioning podlon for 
partitioning the chamber and the common ink chamber, 
the partitioning portion is provided with a plurality of 
communicating holes that evenly divide a chamber lon- 
gitudinal direction of the partitioning portion, and each 
of the plurality of communicating holes has the same 
opening ratio to the area of the partitioning portion, and 
if a length in the k>ngitudinal direction of me chamber Is 
referred to as Y (mm) and the opening ratio of each com- 
municaling hole to the area of the partitioning portion Is 
referred to as X (%). a relation of "Y=-4.5X+1 5.8" is de- 
fined as the minimum eize of the communicating hole 
and the size of a communicating hole obtained by cou- 
pling the plurality of communicating holes to each other 
is defined as the maximum size of the communicating 
hole. 
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Description 

[0001] The present invention relates to a head chfp that Is mounted on an ink Jet recording device applied to, for 
example, a printer or a facsimile. 
5 [0002] Conventionaily, there is known an inic Jet recording device that records characters and images on a medium 
to t^e recorded using an fnk Jet head having a plurality of nozzfes for discharging Ink. In such an InkJet recording devtee. 
the nozzles of the ink Jet head are provided in a head holder so as to oppose the medium to be recorded, and this head 
holder is mounted on a carriage to be scanned in a direction perpendicular to a conveying direction of the medium to 
be recorded. 

10 [0OO3] A sectional view in the longitudinal direction of an e)(ample of a head chip of such an Inkjet head is shown 
In Fig. 1 6A and a sectional view of a main portion of the same Is shown in Fig. 1 68. As shown In Figs. 1 6A and 1 6B, 
a plurality of grooves 1 02 are provided in parallel with each other in a piezoelectrfc^ ceramic plate 1 01 . and each groove 
102 Is separated by sidewalls 103. An end portion in the iongftudinai direction of each groove 102 is extended to an 
end surface of the plezoejectric ceramic piate 1 01 and the other end poitton is not extended to the other end surface, 

15 making the groove 1 02 to be gradually shallow. In addition, electrodes 1 05 for applying a driving electric field are formed 
on surfaces on opening side of both sidewalls 103 in each gmove 102 throughout its longitudinal direction. 
[0004J In addition, a cover plate 1 07 is Joined on the opening side of the grooves 102 of the piezoelectric ceramic 
plate 101 via partitioning portion using adhesive 109. Tfie cover plate 107 Includes a conomon ink chamber 111 to be 
a recessed portion communfcating with each groove 102 via communication holes provided in the partitioning portion 

20 In the fongitudrnal direction of the respective grooves 102 and an ink supply port 112 that is bored from the bottom 
portion of this common ink chamber 11 1 In the direction opposfte to the grooves 1 02. 

[0006] in addition, a nozzle plate 1 1 5 is joined to an end surface of the Joined body of the piezoelectric ceramic plate 

101 , partitioning portion and the cover plate 1 07 in which the grooves 1 02 are opened, and nozzle openings 117 are 
formed in the nozzle piate 115 at positions opposing the respective grooves 102. 

25 [0006] Further, a wiring substrate is fixed to the surface of the piezoelectric ceramic piate 1 01 on the opposite side 
of the nozzle plate 115 and on the opposite side of the cover plate 107. Wiring connected to each electrode 105 via 
bonding wires 1 21 or the like Is f onneci on the wiring substrate and a driving voltage can be applied to the electrodes 
106 via this wiring. 

[0007] In a head chip configured in this way. when each groove 1 02 is filled with ink from the ink supply port 112 and 
30 a predetermined driving electric field is caused to act on the sidewalis 1 03 on both sides of the predetermined groove 
102 via the electrode 105, the sidewalls 103 are defonned to change the capacity Inside the predetermined groove 

102, whereby the Ink In the groove 102 is discharged from the nozzle opening 117. 

[OOOa] For example, as shown In Fig. 1 7, If ink Is discharged from the nozzle opening 1 1 7 corresponding to a groove 
102a, a poslth^e driving voltage Is applied to electrodes 105a and 105b in the groove 102a and. at the same time, 

^ opposing electrodes 105c and 105d to the respective electrodes are grounded. Consequently, a driving electric field 
in the direction toward the groove 1028 acts on sidewalls 103a and 1 03b and, if the driving electric field is perpendicular 
to a direction of polarization of the piezoelectric ceramic plate 1 01 , the sidewalls 1 03a and 103b are deformed in the 
direction of the groove 1 02a by a piezoelectric thickness slip effect and the capacity inside the groove 102a decreases 
to Increase pressure, whereby the ink is discharged from the nozzle opening 117. 

^ • [0009] As a measure for solving a problem that it Is difficult to achieve high speed corisecutive discharging, that is, 
to achieve h^h speed printing In a head chip like this, the degree of sealing of a chamber is increased for the sake of 
shortening a time from the stoppage of vibration of the sidewalls caused by ink discharging to the obtainment of a 
situation where pressure of ink In the chamber corresponding to the groove becomes zero to perform the next ink 
discharging, although this time varies depending on the length of the chamber, the shape of the nozzle opening, and 

45 the like. IHowever. if the opening area of the comnuinicating hole is narrowed too much for the sake of enhancing the 
degree of sealing of the chamber, there occurs a problem that ink necessary for discharging is not sufficiently supplied 
from the common ink chamber to the chamber and printing is not perfonned normally. 

[0010] in view of such circumstances, it is an object of the present Invention is to provide a head chip In which the 
minimum size of the communicating hole, with which it is possible to sufficiently supply ink necessary for discharging 
50 ' and. at the same time, to enhance the degree of seali ng of the chamber to a limit, Is defined with reference to the iength 
in the longitudinal direction of the chamber. 

[001 1 ] in order to solve the above-mentioned object, according to a first aspect of the present invention, a head chip 
includes: a chamber that is defined on a £ut)strate and has an end portion in a longitudinal direction that communicates 
with a nozzle opening; and an electrode provided on a sidewali of the chamber, In which a driving voltage Is applied 
55 to the electrode so that a capacity within the chamber is changed to dischaige inkfllled therein from the nozzle opening. 
The head ch|p Is characterized in that: an Ink chamber plate defining a common Ink chamber communicating with the 
chamber Is Joined on the substrate; the common ink chamber Is provided with a partitioning portion for paftitk>ntng the 
chamber and the common Ink chamber; the partitioning portion Is provided with a plural!^ of communicating holes that 
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evenly dMcle a chamber longltudinaf direction of the partitioning portion using a distance between the nozzle opening 
and a comnDunicating hole establishing comnuinicatcon between the common Ink chamber and the chamber and which 
fsprovtded in the partitioning portion at a position close to the nozzle opening, and each of the plurality of communicating 
holes has the same opening ratio to an area of the partitioning portion: and if a length in the longitudinal direction of 
5 the chamber Is referred to as Y (mm) and an opening ratio of each communicating hole to ttie area of the partitioning 
portion is referred to as X (%), when a size of the communicating hole satisfying a relation of "Y=-4.5X+1 5.8" is referred 
to as Sf„|„ end a size of a communicating hole obtained by coupling the plurality of communicating holes to each other 
is refomad to as S^a^' there is obtained a relation of S„^ size of communicating hole<Sn,ax- 

[00121 According to a second aspect of the present invention, In the first aspect of the Invention, a head chip is 
to characterized In that the partitioning portion Is formed of a separate member. 

[0013] According to a third aspect of the present invention, in the first or the second aspect of the tnventJor, a head 
chip is characterized in that the substrate is formed of a piezoelectric ceramic plate, and the chamber Is defined by 
fonming a groove in the piezoelectric ceramic plate. 

[0014] According to a fourth aspect of the present invention, in the first or the second aspect of the invention, a head 
'5 chip is characterized in that the sidewalls are made of piezoelectric ceramic and are an-anged on the substrate at a 
predetermined interval, and the chamber is defined between the sidewalls. 

[001 5] According to a fifth aspect of the present invention, in the fourth aspect of the invention, a head chip is char- 
acterized in that the sidewalls are made of piezoelectric ceramic and are an-anged on the substrate at a predetermined 
inten/al, and the chamber is defined t>etween the sidewalls, and that the common Ink chamber is defined on the sub- 
so atrate. and the chamber and the common Ink chamber communk^te with each other at one end In the longitudinal 
direction of the chamber. 

[0016] In the present invention, the minimum size of the communtoating hole, with which it is possible to suffidentty 
supply ink necessary for discharging and, at the same time, to enhance the degree of sealing of the chamber to a limit. 
Is defined with reference to the length in the longitudinal direction of the chamber. Therefore, It becomes possible to 
S3 shorten the converging time, during whfch pressure in the chamber attenuates, without causing the deterioration of an 
ink supply property and an Ink discharging property. As a result, it becomes possible to achieve high speed printing 
by consecutively discharging Ink at high speed. 

[001 7] Embodiments of the present invention wi II now be described by way of further example only and with reference 
to the accompanying drawings, in which:- 

so 

Fig. 1 l8 a sectional view in the longitudinal direction of a head chip according to first or third embodiment of the 

present invention; 

Fig. 2 is a sectional view cut along the line A-A' of Fig. 1 ; 

Fig. 3 is a secttonal view in the longitudinal direction of a head chip according to second or third embodiment of 
35 the present invention; 

Fig. 4 is a sectional view cut along the line A-A' of Fig. 3; 

Fig. 5 Is a sectional view in the longitudinal direction of a head chip according to one aspect of a fourth embodiment 
mode of the present Invention; 

Fig. 6 is a secttonal view cut along the line A-A' of Fig. 6; 
40 Fig. 7 Is a sectional view in the longitudinal direction of a head chip according to one aspect of a fifth embodiment 

mode of the present invention; 

Fig. 8 is a sectional view cut along the line A*A' of Fig. 7; 

Fig. g is a plan view of a partltk>ning portion corresponding to one chamber of the head chip according to the 
embodiment modes of the present Invention; 
^ Fig. 1 0 is a plan view of a partitioning portk)n corresponding to one chamt)er of the head chip according to the first 

embodiment of the present Invention; 

Fig. 11 is a plan view of a partitioning portion corresponding to one chamber of the head chip according to the 
second embodiment of the present invention; 

Fig. 12 Is a plan view of a partitioning portion corresponding to one chamber 6f me head chip according to the 
50 third embodiment of the present Invention; 

Fig. 1 3 is a graph in which pressure values obtained In the case of the first embodSment for respective communi- 
cating hole opening ratios after one AP has elapsed are distributed with reference to respective nozzle resistance 
values; 

Fig. 14 is a graph in which pressure values obtained In the case of the second embodiment for respecth/e com- 
^ municating hole opening ratios after one AP has elapsed are distributed with reference to respective nozzle re- 
sistance values; 

Fig. 1 5 is a graph In which pressure values obtained in the case of the third embodiment for respective communi- 
cating hole opening ratios after one AP has elapsed are distributed with reference to respective nozzle resistance 
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values; 

Fig. 1 6A Is a sectional view in the longitudinal directron showing an outline of a head chip according to the prior art; 
Fig. 1 6B Is a sectional view showing an outline of a main portion of the head chip aocording to the prior art; and 
Fig. 17 a sectional view showing the outline of the head chip according to the prior art. 

5 

[0016] The present Invention wilt be described in detail below based on embodiment modes of the present invention. 
[0019] Fig. 1 is a sectional view in the longitudinal direction of a chamber of a head chip, while Fig. 2 is sectional 
view cut along a line A- A* of Fig. 1 . These drawings show a first or third embodiment mode. 

[0020} First, the head chip 11 will be described In detail. As shown in Figs. 1 and 2, chambers 17 consisting of a 
10 piuralrty of grooves are provided In parallel with each other in a plezoeiectric ceramic plate 1 6 constituting the head 
chip 11, and each chamber 17 Is separated by sldewalls 18. One end portion in the longitudinal direction of each 
chamber 17 extends to one end surface of the piezoelectric ceramic plate 16 and the other end portion does not extend 
to the other end surface, meldng the groove to be gradually shallow. In addition, electrodes 1 9 for applying a driving 
electric field are formed on surfaces on opening side of both the sldewalls 18 In each chamber 17 throughout its 
IS longitudinal direction. 

[0021 ] Here, each chamber 1 7 fonned on the piezoelectric ceramic plate 1 6 is formed by, for example, a dice cutter 
of a disk shape, and the portion where the groove is made to be gradually shallow is forrned according to a shape of 
the dice cutter. In addition, the electrodes 19 formed in each chamber 17 are fomed by. for example, publldy-known 
evaporation from a diagonal direction. 

so [0022] Art inic chamber plate 20 Is joined to the opening side of the chamber 1 7 of the piezoelectric ceramic plate 1 6 
via adhesive 35, This ink chamber plate 20 includes a common Inkcliamber21 to bea recessed portion commurilcatlng 
with each chamber 17 and the common Ink chamber 21 is sealed with a common ink chamber lid 33 having an ink 
supply port 22 oommunlcating with this common ink chamber. It is possible to form the ink chamber plate 20 using a 
ceramk: plate, a metallic plate, or the like, although it is preferable to use a ceramk: plate having a close coeffielent of 

^ thermal expansion If consideratton Is given to deformation and the like after the Joining with the pi^zoelectrk; ceramic 
plate 16. 

[0023] The ink chamber plate 20 like this is provided with a partitioning portion 30 that is provided witt> a plurality of 
communicating holes 32 that establish communk;ation between the chamber 1 7 and the common ink chamber 21 and 
are an^anged in the longitudinal direction of the chamber 1 7 at regular Inten/als so as to pass through the partitioning 
30 portion in the thickness direction. 

[0024] With this construction, the Intervals between respective communteating holes 32, that Is, a distance from the 
communicating hole 32 positioned close to the no22te opening 24 to the nozzle opening 24 Is set as a pump portion 
17a and a length thereof becomes a pump length of the head ch^ 1 1 . Converging time, during which pressure atten- 
uates, is detenmlned by the pump length. Here, the pressure Is generated by the repetitive reflection of sound pressure 

39 in the chamber 1 7 when vibration of sldewalls 18 stops after Ink discharging. ConsequenUy, tt becomes possible to 
easily define the length of the pm\p porQon 1 7a by the position (number) of the communteating hole 32 and toehorten 
the converging time. 

[0025] It should be noted here that no specific limitation is imposed on the number of such communicating holes 32 
and it is possible to arrange communicating holes whose number Is within a range In which there is exerted no Influence 

40 on a discharging capability. Further, In order to prevent a bubble from staying in an end portion where the chamber 1 7 
is made shallow, the communicating hole 32 Is provided at a position opposing the end portion. 

[0026] in additlort, a nozzle plate 23 is Joined to an end surface of the joined body of the piezoeiectnc ceramic plate 
1 6 and the ink channber plate 20 in which the chambers 1 7 are opened, end a nozzle opening 24 Is formed in the nozzle 
plate 23 at a position opposing each chamfc>er 1 7. 
45 [0027] This nozzle plate 23 is produced by forming the nozzle opening 24 in a polyimide film or the like using, for 
instance, an exclmer laser apparatus. Also, although not shown In the drawing, on a surface of the nozzle plate 23 
opposing an object to be printed, there is provided a water-repellent film having water repellenoy in order to prevent 
the adheston of Ink orthe like. 

[0028] In addition, Ink introduced from an unillustrated ink cartridge or ink pack passes through an unillustrated ink 
so flow path, is filled into the common ink chamber 21 from the ink supply port 22, passes through each communteating 
hole 32, and Is filled into each chamt>er 17. 

[0029] In this case. If the length of the chamber 17 In the longitudinal direction is refen^ed to as Y (mm) and the 
opening ratio of one communicating hole 32 to the area of the partitioning portion 30 for one chancer is referred to as 
X (%), the minimum area of the communicating hole is determined using an ^expression of "Y=-4.5X-»-15.8". In this 
S5 manner, it becomes possible to circumvent the shortage of Ink supply to the chamber. Here, in temis of the structure 
of the present head chip, needless to say, the maximum size of the communicating hole becomes a size where the 
plurality of communicating holes are oouplad to each other. 

[0030] Itshould be noted here that a head chip that uses Insulating ink is described as an example In the embodiment 
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mode described above, although a head chip that uses conductive Ink, such as water ink, may be employed. 
[0031] In the case where conductive Ink, such as water ink. is used in a head chip in this manner, electrodes are 
subjected to conduction by the Ink In the chambers 1 7, so that there occurs electrolysis of the ink and, at the same 
time, it becomes impossible to perfomi nonnal driving. In view of this problem, a chamber for discharging Ink to a 
. « piezoelectric ceramic plate and a dummy chamber that is not filled with Ink are altemately arranged to have the con- 
<ftjctlve ink discharged. In this case, the dummy chamber may be prevented from being fined with ink by a partitioning 
portion. 

[0032} Even with a head chip that uses conductive ink in this manner, it Is possible to obtain the same effect by 
providing a plurality of communicating holes 32 like in the case of the head chip 11 using the insulating ink described 

fo ebove in the partitioning portion for each chamber that discharges the ink. 

[0033] Fig. 3 is a sectional view in the longitudinal direction of a chamber of a head chip, while Fig. 4 Is sectional 
view cut along the line A-A* of Fig. 3. These drawings show a second or third embodiment mode. 
[0034] The second or third embodiment mode differs from the first embodiment only in that there le not used the 
comnnon Ink chamber lid 33 provided with the ink supply port 22 communicating with the common Ink diamber 21 , the 

IS ink chamber plate 20 is not provided with the partitioning portion 30, and the partitioning portion 30 having the conv 
mun (eating holes 32 Is made of a separate member All other aspects are the same as those in the first embodiment 
mode. 

[0035] The head chip 1 1 having a construction like this Is obtained by first joining the piezoelectric ceramic plate 1 6 
to the ink chamber plate 20 so that the partitioning portion 30 is nipped between them and then Joining the nozzle plate 

so 23 to an erKi surface of the joined body. 

[0036] Even In the case of the head chip 11 like this, if the iength of the chamber 17 in the longitudinal direction is 
referred to as Y (mm) and the opening ratio of one communicating hole 32 to the area of the partitioning portion 30 for 
one chamber is referred to as X (%), the minimum area of the communicating hole Is determined using an expression 
of "Y=-4.5X+1 5.B". In this manner; ri becomes possible to circumvent the shortage of ink supply to the chamber. Here, 

25 in terms of the structure of the present head chip, needless to say. the maximum size of the communicating hole 
beconnes a size where the plurality of communicating holes are coupled to each»other. 
[0037] Also, It Is possible to use conductive Ink with the same method as in the first embo(fiment mode. 
[0036] Figs. 5 and 6 show a fourth embodiment mode of the present invention. Fig. 5 is a sectional view in the 
longitudinal diiBCtion of a head chip according to this embodiment mode, while Rg. 6 Is a sectional view cut along the 

30 line A-A' of Fig. 5, 

[0039] As shown In the drawings, the head chip 1 1 A has a construction where sidewalls 1 8A made of a piezoelectric 
ceramic are arran gad on a substrate 1 6A at predetanmined Intervals and chambers 1 7A are defined between respectiye 
sidewalls 18 A. 

[0040] Also, a sealing plate 60A Is provided on the substrate 1 6A and one end of the chamber 17A In the longitudinal 
3s direction is sealed with the sealing pfate. 

[0041] Also, the partitioning portion 30A exists between the chamber 17A and the common inkchamber21 A provided 
for the ink chamber plate 20A and a plurality of communicating holes 32A are established In the partitioning portion at 
predetermined regular inten/als. 

[0042] Further, electrodes 19A provided on both sidewalls ISA of the chambers 17A are provided over the entire 

^ surface of the sidewalls and the conduction between the electrodes and an untllustrated driving citouit is established 
by wiring 61 A. For instance, the wiring 61 A is extended along the chambers 17A defined on both sides between the 
substrate 16A and each sidewall 1 8A and surely contacts the electrodes 1 9A In both end portions in the width direction 
of the extended wiring 61 A, whereby the conduction between the electrodes and the wiring Is realized. 
[0043] Even in the case of the head chip 11 A like this, if the length of the chanrU^er 1 7A In the longitudinal direction 

^ is referred to as Y (mm) and the opening ratio of one communicating hole 32A to the area of the partitioning portton 
30A for one chamber is refenred to as X (%), the minimum area of the communicating hole Is determined using an 
expression of "Y=-4.5X+15.8". In this manner, it becomes possible to circumvent the shortage of Ink supply to the 
chamber. Here, in temns of the structure of the present head chip, needless to say. the maximum size of the commu- 
nicating hole becomes a size where the plurality of communicating holes are coupled to each other: 

so [0044] Also, it is possible to use conductive ink with the same rnethod as in the first embodiment mode. 

[0045] Further, the partitioning portion 30A is a separate member in this embodiment mode. However, needless to 
say, there occurs no problem even if there is obtained a construction where the ink chamber plate 20A is provided with 
the partition portion and the common ink chaml>er 21 A Is fomned using ^e common Ink chamber lid that Is a separate 
member and includes the ink supply port 22A communicating with the common Ink chamber. 

ss [0046] Figs. 7 and 8 show a fifth embodiment mode of the present invention. Rg. 7 is a sectional view in the longi- 
tudinal direction of a heed chip according to an embodiment mode, while Fig, 8 is a sectional view cut along the line 
A-A' of Fig. 7. 

[0047] The fifth emt)Odhnent mode differs from the fourth embodiment mode only in that a second sealing plate BOB 
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exists outside of the sealfng plate 60A, a communicating hole 32B having the same size as the communicating hole 
32A is established in the sealing plate 60A at a position opposing the chamber 17A. the common ink chamber 21 A 
provided on the ink chamber plate 20A is set as the first ink chamber 21 a. a second ink chamber 21 b is defined between 
the sealing plate and the second sealing plate, the communicating hole 32B establishes communication between the 
5 second ink chamber 21 b and the chamber 1 7A, an ink supply communicating hole 31 A for establishing communication 
between the first inl^ chamber 21 a and the seoond ink chamber 21 b is formed in the partitioning portion 30A. and the 
communicating hole 32A existing dose to the sealing plate 60A is eliminated from the partitioning portion 30A. AM other 
aspects are the same as those In the fourth embodiment mode. 

[0048] Even in the case of the head chip 11 A like this, if the length of the chamber 17A in the longitudinal direction 
10 is referred to as Y (mm) and the opening ratio of one communicating hole 32A to the area of the partitioning portwn 
30 A for one chamber is referred to as X (%). the minimum area of the communk^ating hole is determined using an 
expression of ''YB-4.6X4-I6.8'*. in this manner, it tsecomes possible to circumvent the shortage of ink supply to the 
chamber. Here, in terms of the structure of the present head chip, needless to eay, the maximum size of the commu- 
nicating hole becomes a size where the plurality of communrcating holes are coupled to each other. 
IS [0049] Also, it is possible to use conductive ink by sealing the dummy chambers using the sealing plate 60A and 
concurrently using the same method as in the first embodiment mode. 

[0050] Further, the partitioning portion 30 A is a separate member in this embodiment mode. However, needless to 
say, there occurs no problem even If there is obtained a construction where the Ink chamber plate 20A is provided wtth 
the partition portion and the common Ink chamber 21 A Is formed using the common ink chamber Ild that is a separate 
so member and includes the Ink supply port 22A communksating vitth the comnnon Ink chamber 21 A. 

[0051] Finally, how to define the size of each communicating hole 32 or 32A wHI be described with reference to Fig. 
- 9. Rg. 9 is a plan view of the partltk>ning portion 30 or 30A positioned on one chamber 17 or 17A and a plurality of 
communicating holes 32 or 32A of the partitioning portion. 

[0052] It is assLBTYOd that the length of the chamber 17 or 17A In the longitudinal direction Is referred to as Y (mm), 
£s the width of the chamber 1 7 or 1 7A is referred to as Z (mm), the length of a long side of one communtoating hole 32 

or 32A having a rectangular shape is refemed to A (mm), and the length of a short side thereof is referred to as B (mm). 

Here, if the opening ratio of one communbating hole 32 or 32A to the area of the partitioning portion 30 or30Aprovlded 

for one chamber 1 7 or 1 7A is ref enod to as X (%) , there is obtained an equatton of "X (%)=(AxB) x 1 00/(YxZ)". Also. 

the communicating hole 32 or 32A has a rectangular shape in this embodiment mode. However, needless to say, this 
30 hole may have any other shape such as an oval shape or a circular shape. 

(Rrst Embodiment) 

[0053] Fig. 10 is a plan view of the partitioning portion 30 for one chamber of the head chip according to a first 

39 embodiment of the present invention. 

[0054] As shown in the drawing* the head chip of the first embodiment has three conrvnunicatlng holes 32 established 
in the partitioning portion 30, with intervals between the communicating holes being set at 1.8 'mm. The ditervals be- 
tween the commun jesting holes are set as the distances between the centers of respective communicating holes 32 
and only the communteating hole 32 existing at one end on a side opposite to the nozrie opening In one end portion 

^ of the chamber in the longitudinal direction is set so as to have a size that is one-helf the sizes of other communicating 
holes. 

[0055] There are four head chips like this where the length of a chamber in the longitudinal direction is set as Y==5.4 
mm and the sizes of the communicating holes are AxBas0.09 mmxO.OBmm, 0.18 mmxO.OB mm, 0.27 mmxO.08 mm, 
and 0.36 nrvnxO.06 mm, respectivety. 

45 

(Second Embodiment) 

[0056] Rg. 11 is a plan view of the partitioning portion 30 for one chamber of the head chip according to a second 
embodiment of the present invention. 

^ 10057] As shown in the drawing, the head chip of the second emtx>diment has four communicating holes 32 estab- 
lished in the partitioning portion 30, with intervals between the communicating holes being set at 1 .8 mm. The Intervals 
between the communicating holes are set as the distances between the centers of respective communicating holes 
32 and only the communicating hole 32 existing at one end on a side opposite to the nozzle opening In one end portion 
of the chamber In the longitudinal direction Is set so as to have a size that Is one-half the sizes of other communicating 

S5 holes. 

[0058] There are four head chips like this whsre the length of a chamber in the longitudinal direction is set as Y=7.2 
mm and the sizes of the communicating holes are AxB^o.OQ mmxo.06 mm, 0.1 8 nrtmx0.06 mm, 0.27 mmxo.06 mm, 
and 0.36 mmxO.06 mm, respectivety 
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{Third Embodiment) 

[0059] Fig. 12 Is a plan view of the partitioning portion 30 tor one chamber of the head chip according to a third 
embodiment of the present invention. 

9 [0060] As shown In the drawing, the head chip of the third embodiment has five communicating holes 02 established 
in the partitioning portion 30, with intervals between the communicating holes being set at 1 .8 mm. The intervals be- 
tween the communicating holes are set as the distances between the centers of respective communicating holes 32 
and on}y the communicating hole 32 existing at one end on a side opposite to the nozzle opening in one end portion 
of the chamber in the longitudinal direction is set so as to have a size that is one-half the sizes of other communicating 

10 holes. 

[0061] There are four head chips like this whore the length of a chamber In the longitudinal direction Is set as Y«9.0 
mm and the sizes of the oonnmunicating holes are AxB=0.09 mmxo.06 mm, 0.1 8 mmXO.06 mm, 0.27 mm x0.06 mm, 
and 0.36 mmx0.06 mm, respectiveiy. 

f5 (Experimental Example) 

[0062] The behavior of pressure In the nozzle opening 24 in the case where nozzle resistance is set at one of 40%, 
60%. and 80% Is measured for four lands of head chips in the first embodiment, four fclnds of head chips in the second 
embodiment, and four .kinds of head chips in the third embodiment. During this measurement, a voltage Is applied to 
so the electrodes 1 9 so that a maximum displacement amount of both sldewalte 1 8 of the chamber 1 7 toward the outside 
with reference to the chamber t>ecomes 0.01 iini and this state continues for 25 \k second or longer. The width Z of the 
chamber 17 is set at 0.078 mm. 

[0063] Further, there Is extracted a pressure value after time AP, whose length Is determined by the intervals between 
the communicating holes 32. has elapsed, and an opening ratio X (%>, with which there is obtained aposltive pressure 
25 value, of one communicating hole 32 to the area of the partitioning portion 30 occupied by one chamber 1 7 Is otKalned 
from. the varying trend of the pressure value with reference to each nozzle resistance value In each embodiment. Here, 
the length of the time AP is the same and becomes 2.1 jt second because every interval between the communicating 
holes is 1 .8 mm. Also, if the pressure value after the time AP has elapsed is positive, this indicates that ink js correctly 
supplied. 

3D {0064) Fig. 13 shows a graph in which pressure values obtained for each communicating hole opening ratio in the 
case of the first embodiment after one AP has elapsed are distributed with reference to each nozzle resistance value. 
[0065] Fig. 14 shows a graph in which pressure values obtained for each communicating hole opening ratio in the 
case of the second embodiment after one AP has elapsed are distributed with reference to each nozzle resistance value. 
[0066] Fig. 15 Shows a graph In which pressure values obtained for each connmunlcatlng hole opening ratio In the 

55 case of the third embodiment after one AP has elapsed are distributed with reference to each nozzle resistance value. 
[0067] Table 1 shows values of the opening ratio X (%) read frx>m Pgs. 1 3 to 1 6 descrit>ed above, at which a positive 
pressure value Is obtained in the nozzle opening 24 after the time AP has elapsed for each combination of the length 
of the chamber in the longitudinal direction and the nozzle resistance value. 

40 



Table 1 





Embodiment 
1 


Embodiment 

2 


Embodimen 
t 3 


Chamber length Y (mm) 


5.4 


7.2 


9.0 




Opening ratio X (%) of one 

conununicating hole 


Nozzle 
' resistance 


40% 


2.20 


1.80 


1.45 


60% 


2.25 


1.80 


1.45 


80% 


2.30 


1.85 


1.50 



55 [0068] If a fBlational expression between the chamber length Y (mm) and the opening ratio X (%) of one communi- 
cating hole Is obtained from Table 1 . there is obtained a relational expression of "Y=-4.5X-i-15.8'. The value of X lead 
from the relational expression and the value of Y in all cases becomes larger than the opening ratio X (%) In Table 1 
and the pressure in the chamber becomes positive at all times. 



7 

PAGE 19/77 - RCVD AT 7/14/2009 4:50:38 PM [Eastern DayUgtit Time] * SVR:USPTO^FXRP-6M2 - DNIS:2738300 * CSID: 131 27048 137 " DURATION (min^s):22-58 



07/14/2009 TUE 15:59 FAX 13X27048137 



0016/077 



EP131247SA1 

[0089] As can be eean from this, in the head chip of a model like the models shown in the first to third expertmental 
examples, the expression described above detemnines the minimum area of one communicating hole where there 
occurs no shortage of Ink supply. 

[0070] As described above, with the technique of the present invention, In a head chip in which a plurality of conv 
5 municating holes are provided in a partitioning portion so as to evenly divide the longitudinal direction of a chamber of 
the partitioning portion of a common InK chamber using a distance between a nozzle opening and the connmunlcaling 
hole that establishes communication between the common ink chamber and the chamber Is provided in the partitioning 
portton at a position close to the nozzle opening, there is provided the communicating hole at one end on a side opposite 
to the nozzle opening in one end portion of the chamber in the longitudinal direction, and each of the plurality of 
10 communicating holes has the same opening ratio to the area of the partitioning portioni 

where If the length of the chamber in the longitudinal direction is refen-ed to as Y (mm) and the opening ratio of 
one communicating hole to the ansa of the partitioning portion is referred to as X (%), by defining a relation of "Y=- 
4.5X+1S.8" asthe minimum size of thecommunicating hole, It becomes possible to sufficiently supply ink for discharging 
and to enhance the degree of sealing of a groove to a IM. As a result. It becomes possible to shorten a converging 
t5 time, during which pressure in the chamber attenuates, to achieve high speed consecutive discharging, tfiat Is, to 
achieve high speed printing, and to stabilize printing quality. 



Claims 

20 

1. A head chip connprlsing: 

a chamber being defined on a substrate and having an end portion in a longitudinal direction that communicates 
with a nozzle opening; 

25 an electrode provided on a sidewall of the chamber, in which a driving voltage is applied to the electrode so 

that a capacity within the chamber is changed to discharge ink filled therein from the nozzle opening: and 
an Ink chamber plate defining a common Ink chamber communrcating with said chantber is Joined on the 
substrate, the common ink chamber is provided with a partitioning portion for partitioning the chamber and 
said common ink chamber; 

30 

Wherein the partitioning portion is provided with a plurality of communicating holes that evenly divide a cham- 
ber longitudinal direction of the partitioning portion using a distance between said nozzle opening and a commu- 
nicating hole establishing communication between the common Ink chamber and the chamber and whfch is pro- 
vided In me partitioning portion at a position close to the nozzle opening, and each of the plurality of communteailng 

^ holes has the same opening ratio to an area of the partitioning portion; and 

if a length In the longitudinal direction of the chamber is retemed to as Y <mm) and an opening ratio of each 
communicating hole to the area of the partitioning portion Is referred to as X (%), when a size of the communfcating 
hole satisfying a relation of "Y—4.5X+1 5.8" is refenred to as and a size of a conrvnunlcatlng hole obtained by 
coupling the plurality of communicating holes to each other is refenied to as Smax' ^^^^ '® obtained a relation of 

40 Sj^in size of communicating hole<S^^. 

2. A head chip according to claim 1 , wherein the partitioning portion Is fonned of a separate member. 

3. A head chip accordng to claim 1 . wherein the substrate is formed of a piezoelectric ceramic plate, and the chamber 
45 i8 defined by forming a groove In the piezoelectric ceramic plate. 

4. A head chip according to daim 1 , wherein the sidewalls are made of piezoelectric ceramic and are arranged on 
^e substrate at a predetermined inten/af^, and the chamber is defined between the sidewalls. 

so 5. A head ch ip according to claim 4. wherein the common Ink chamber is defined on the substrate, and the chamber 
and the common ink chamber communicate with each other at one end In the longitudinal direction of the chamber. 



55 
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